This report summarizes a study on energy consumption of a building with recommendations to reduce the cost of usage. Playford building of University of South Australia (UniSA) has been chosen as the study source in completing this survey. It has been done via 3-phases of workflow, which is an audit to historical energy consumption data, the screening survey and detailed investigation and analysis to the building itself. One year of past data has been retrieved and analyzed. Causes of energy wastage and potential of energy savings have been identified by walk through survey across two levels of the building to represent the whole building. Possible ways of reducing the energy consumption have been recommended to be applied. Estimation for the cost energy savings by the recommended ways have been calculated including with the cost that would be incurred. It was found that, over six recommendations, 20.4% of energy are estimated could be saved relative to the present usage of electrical appliances. An amount of $AUD 11264.5 per annum could be saved by the university for the utility bills due to electrical appliances based on the average price of electricity at 0.114592 c/kWh.
INTRODUCTION
The aim of this study is to examine the energy consumption of Playford building based on the past data. Recommendations and possible ways that can be implemented to help reduce the usage of electricity in this building were outlined in this paper. Estimation on the amount that could be saved by the identified ways of energy reductions has been calculated and shown in order to indicate the impact to the cost incurred. Playford (P) building is located at the UniSA city east campus, in Adelaide city (Figure 1 ). This building has been utilized as office for lecturers and other personnel of UniSA's staffs as well as the students for teaching and learning purposes. In addition, this building also have a lecture hall, computer pools, meeting rooms, laboratories, prayer room, international student room and gymnasium. Overall, it is a seven storey building equipped with facilities for education. For the electricity appliances, this building uses laboratory equipments and appliances, computers, printers and laptops, split airconditioning systems, lighting at computer pools, offices, corridors and toilets, pantry electrical appliances for instance microwave, gymnasium appliances as well as beverage vending machine. Each level has the same area and the plant layout has not much different. The plant layout for level 1 is shown in Figure 2 . 
METHODOLOGY
The workflow of the audit is based on 3 phases of activities (Australian Government Publishing Service, 1994 ). Each phase is described as follows: Phase 1: An audit of historical data. This is being done by collecting the past data of energy used. This phase will determine: • The amount or quantities of energy used.
• Annual seasonal pattern of energy consumed and it's cost. • Any systems or appliances that have been identified in the screening survey were justified for further investigation to determine the avoidable energy losses and the cost of reducing the waste.
Phase 1: An Audit of Historical Data
This energy audit survey focused only on electrical energy. In general, the total electricity consumption for the whole campuses of UniSA was 25.9GWh at a cost of $3,083,297 for the year 2008 (Martin et al., 2009b) . Figure 3 shows the annual electricity consumption at UniSA from 2000 to 2007. The pattern of consumption shows increment start from 2004 as the numbers of students was increased year after year. The building occupied by greater number of personnel as well contributes to increase the value. From the Figure 3 , in 2007, total energy consumption was over 25,000,000 kWh with off peak increase approximately up to 10,000,000 kWh.
Reviewing Purchasing Arrangements:
In general, there are a lot of gas and electricity suppliers in South Australia for instance Australian Gas and Lights (AGL), Origin Energy, Energy Australia, TRU Energy, Aurora Energy, Australian Power and Gas, Horizon Power, Integral Energy, Power Direct and etc. University of South Australia however, has deal for an agreement with AGL for 4 years electricity purchase contract. The consumption charge under this agreement is 14.7827 c/kWh during peak hours and 8.1357 c/kWh during off peak hours (Martin et al., 2009a) . Detailed Breakdown: For Playford building, lightings, air-conditioners and computers are the major contributors for the energy expenses. During the walk through survey, it has been observed that, these 3 items are the most used appliances in this building. It was being used by students, lecturers and other staff to work on their job. In addition, all computers were checked whether energy saving features has been turn to enable or not. This study will provide initial ideas in improving existing system. In this survey, the number of lights available and it watts for each level has been collected. The data of the energy savings features for computers were also recorded.
Lightings: Lighting can be categorized as the most important electrical appliances used at any building. For Playford building, lamps are vital since teaching and learning processes will require adequate lights need to be provided. Figure 4 -5 show the lamps at corridor and lecture hall. According to Martin et al. (2009a) , total energy used for interior lighting was calculated to be approximately 6100MWh/year or 24% of the total electrical energy consumed by the whole university. There are a few types of lights used at Playford building in level 2 and 3 for instance fluorescent lamp tube T8 and T5, halogen and emergency lights. The power of lights used in this building are includes 10W, 25W, 29W, 45W and 50W. Basically, both level 2 and 3 used the same lights. The different occurred when they have different layout hence produced different number of lights at each level. From the walk through survey, it has been identified that the energy wasted due to lights were because of: i. Excessive lamp. Based on Australian Standard for interior lightings, AS 1680.2.1 (Austalian Standard for Lighting, 2008) if the area with the light power is greater than 15W/m 2 , it is probably greater than required. ii.
The use of inefficient T8 fluorescent tubes which uses more power compared to tube T5 (Elliot, 2008 & Stewart et al., 2009a iii. The use of halogen lamp which consume more power. iv.
Light left ON in unoccupied rooms especially office and lecture rooms. v.
Excessive lamp used in a room with only a few staff or students occupied at one time especially in the computer pools. From the survey, it has been identified that each office at level 2 uses 4 units of fluorescent lamp T8. The number of lights at level 2 and its type has been counted and indicated as in the Table 2 . On the other hands, it has been found that each office at level 3 also uses 4 units of fluorescent lamp T8. The number of lights at level 3 and their type has been counted and the results were also indicated in Table 2 . Computers: Figure 6 shows computers in the computer pool. During the survey, computers in the computer pools have been checked whether the savings energy features enabled on the computer was set or vice versa. The procedure of the checking is "Start/Setting/Control Panel/Power Options". Only two computers were checked to represents the whole computers in a computer pool. The results are indicated as in Table 3 . Figure 6 . Computers in the computer pool Air-conditioning: According to Martin et al. (2009a) , there are three chillers at the Playford building where each has different ability and ages. Two of them use reciprocating compressors which known to be an older technology and less efficient than current generation compressors. These reasons can be considered if replacement wants to be implemented. On the other hands, heating is provided with three boilers at the Playford building. Two of them are still working properly in one plant room while another one is being repaired. The repaired boiler should be replaced since it was old for the sake of efficiency. From the walk through survey, it has been identified that, the wastage of energy due to air-conditioner includes: i. Room has been left with air-conditioner still ON because the room is equipped with push button air-conditioner. ii.
Infiltration load due to sliding door at many entrances to the level 2 and 3, Playford building. iii. Room with push button air-conditioner has been left with door opened freely which cause extra workload for the air-conditioner to maintain the required temperature.
Infiltration Load: Infiltration that has been identified is due to the outside air come inside and vice versa. This will require the air-conditioner to work more in order to maintain the specified temperature set to them. Hence, more energy was consumed due to this cause.
RESULTS AND DISCUSSION
In this phase, collected data in the screening survey were analyzed. Thorough investigations towards the effort of energy reduction were thoughts and recommendations were outlined as in return. The recommendations made are focused on the anticipated energy reduction targets. Comparisons of calculations were made between existing and proposed plan. However, only 1 example of calculation is shown in this paper.
Lightings: Push button timers for lightings are widely used at UniSA especially for computer pools and lecture rooms. This is to control lighting and to avoid unused light when the room left unoccupied. Hence, this recommendation cannot be made to Playford building since it has been used. However, it is possible if occupancy sensors are fixed in toilet and at the staircase. In this phase, all calculations for the lighting costs are subjected with some assumptions. These assumptions are considered to be as so because it will not bias the results for both calculations between present and proposed plan. The value of calculation will show the different between both of the conditions and assumptions made in the position to give lowest profit. The assumptions include: i. The lights are 24 hours ON only for the lightings at the corridors, toilet, staircase and emergency lights. Other lights which are not mentioned are assumed to be used for 12 hours a day from 9.00 am to 9.00 pm. ii.
Lights in office are assumed to be used in ON condition for 12 hours a day. iii. Computers are assumed to be ON only 12 hours during peak hour's start from 9.00 am to 9.00 pm since the number of users is numerous. iv.
It is assumed to have only 26 working days a month for the electrical appliances to be used.
Energy Savings by the Application of Occupancy Sensors:
In total, there are 26 lamps used at 4 toilets and 2 staircases at level 2 and 3 of Playford building.
Respectively, toilet has 4 doors and staircase also with 4 doors for both levels. The occupancy sensors can be fixed in front of the doors where the sensors can detect the presence of human being as soon as they open the door and enter the toilet or staircase.
Occupancy sensors are suitable to be fixed in the toilet and staircase since these areas will have users to come in and out every time. The tariff used for the calculation here is assumed to be the average value between peak and off peak hours which is 11.4592c/kWh. The estimated energy savings calculation is shown as follows.
Cost of energy consumption for toilet and staircase without sensor (existing condition)
Total Since the toilet and staircase will be unused during off peak, the application of occupancy sensors will make the lights OFF for at least 12 hours (minimum) a day start from 9.00 pm to 9.00 am. The calculation for this approach is shown as below.
Cost of energy consumption for toilet and staircase with sensor (proposed plan)
Total Reduction for the Number of Lamps in Specified Area: During the walk through audit, it has been identified that offices and tea rooms have utilized excessive lamp where it should not more than 15W/m 2 (Australian Standard for Lighting, 2008) . This was identified with simple calculation where the number of lights used multiplied with the total watts and divided with the area of that room. Hence, these two areas are possible to contribute in reduction of energy consumption. This involved a total of 132 lamps through 31 offices and two tea rooms for both level 2 and 3. Each room is using 4 lamps. It is recommended that only 3 lamps are equipped for each room. This action is deemed to be adequate enough to provide sufficient light to the whole area in that room. The calculation for the energy savings in this approach is same as calculation shown for the energy savings by applying sensor in the previous approach.
Change of Fluorescent Tube T8 to T5: According to Elliot (2008) and Martin et al., (2009a) , T8 tube is actually consuming more power due to inductive ballast. 36W T8 tube is actually consume up to 45W power because of 9W inductive ballast while 28W T5 consume up to 30W (2W inductive ballast). Lights that will be produced is by both tube is equally the same. In total, there are 647 units of T8 fluorescent tube used for both level 2 and 3 with 12 hours consumption a day. However, if the lights in the staff office are reduced from 4 to 3 units, the total number of lights will be 614 units.
Change of halogen lamp 50W to 35W:
In overall, there are 7 units of halogen 50W at both level 2 and 3. Six of them are located in the toilet and another one in the lecture hall. These lamps are recommended to be replaced with the same pattern of lamp 35W and it has the same fitting. This type of lamp produce the same light but halogen 35W will consume less power.
Computers:
For the computer analysis, this part is separated into 2 sections. Each section was explained as follows:
Computers in the computer pools: Computers in the computer pools were analyzed in terms of their energy savings features. Computers in the staff office will not be considered in this analysis since it is hard to check their energy savings features due to permission from the room's owner. In total, for both level 2 and 3, there are 178 computers through eight computer pools. The result for the energy savings features are indicated in Table 3 in phase 2, the screening survey. Based on walk through survey result, the average time for the computer to turn into standby mode is 80 minutes. It is based on the set up to the energy savings features. Instead of 80 minutes, 20 minutes is recommended to be set at the energy savings features for all 178 units of computer. The estimation is, for one unit of computer, it will consume 50 watts per hour when computer ON but monitor in standby mode. For this analysis, another assumption has to be made including:
i. All 178 units of computer in the computer pools are used concurrently and unused at the same time. ii.
It is assumed that, all 178 units of computer have been left for maximum only one time a day. iii. It is estimated that, only 50 watts are consumed when the computers are ON but monitor in standby mode.
This analysis will examine on how much energy that could be saved during standby mode for both durations 20 and 80 minutes.
Computers in the Office: For computers in the office, it is highly recommended that the computer to be replaced with laptop. For the sake of energy savings, laptop is deemed will sure to be turned OFF during off peak hours unlike the existing computers. Despite this replacement requires high cost of investment, it is practically viable to be implemented.
Air-Conditioning
All rooms during the survey are found been equipped with push button switch. It is highly recommended that, timer control unit to be used instead of the push button switch. Once the push button has been pressed to be used, users normally will leave the room without re-press the button when they finished using the room. To analyze the amount that could be saved by using the timer control unit, it is assumed that each room will consume 12 hours air-conditioner during peak hours. This is due to, once the user press the push button, it is assumed that they will not re-press the button again to OFF the air-conditioner. By using timer control unit, it is assumed that, rooms will be consumed only for 10 hours a day (minimum). Another 2 hours will be the saving hours obtained when the room is unoccupied. It is the result because of that timer control unit. Power consumed by the air-conditioner is 3 kWh. Across 31 offices and 1 lecture hall for both levels 2 and 3, the timer will be set at 2 hours for every single pressing. Price of the timer control unit is estimated approximately $AUD 100 per unit.
CONCLUSION
The summary of energy cost savings is summarized as in Table 4 . The total cost of implementation for proposed plan and total savings cost per year is also indicated in that table. Based on Table 4 , total savings that can be accomplished is $AUD 11420.24 per annum. The overall payback period calculation is shown as below.
Overall payback period = Total investment required/Savings per annum = $9813/$11420.24 = 0.9 years = 11 months
In short, over six proposed plans, two of them will cost for nothing if the implementation to be made. Delamping and computer energy saving features will have zero cost because these two proposed plans just require the reduction of existing systems and not upgrading them unlike the other four plans. In overall, university will get the payback in 11 months for the cost invested through all this proposed plans. This will exclude with the small fixing cost and maintenance cost. In average, university can save their utility bills up to 20.4% a year if the proposed plan is going to be implemented for Playford Building.
Percentage of savings = 100% = = 20.4% 
